Abstract-In this paper, we study the existence and unique ness of solutions for the nonlinear fractional differential equa tion initial value problem 
I. INTRODUCTION
Recently, the fractional differential calculus and fractional differential equation have drawn more and more attention due to theirs widely applications in different research areas and engineering. And that leads to the intensive development of the theory of fractional calculus, and more and more results about the existence and uniqueness of solutions appear. Among these results, some of about initial value problem ( [1] [2] [3] [4] [5] [6] [7] ), and some of about boundary value problem ( [8] [9] ). However, it should be noted that most of the papers on initial 
where 0 < T < +00, ° < a < 1 is a real number, no. is the Riemann-Liouville fractional derivative.
In this paper, based on [1] , we consider the existence and uniqueness of solutions for the following problem where 0 < T < +00, 1 < a < 2 is a real number, no. is the Riemann-Liouville fractional derivative and defined by
is Riemann-Liouville fractional integral of order 2 -a.
Using the similar method in [1] , we establish some suf ficient conditions for existence and uniqueness of solutions for initial value problem (1).
II. PRELIMINARIES
For the convenience of the reader, we give some back ground materials from fractional calculus theory to facilitate analysis of problem (1). These materials can be found in the recent literature, see [1] . In that follows, we suppose that u(t) � u(t), t E (0, T]; t 2-a u(t)lt=o � t 2-a u(t)lt=o; (4) and define that sector 
where A is a constant, n -1 < a < n, Da is the Riemann Liouville fractional derivative and q E L[O, T], has the following integral represention of solution n u(t) = LC k ta-k E a , a _ k+ 1 (-Ata) (6) where E a , fJ (z) are the Mittag-Leffler function.
Especially, when A = 0, then the initial value problem (5) has solution
hold almost everywhere on [a, b].
III. MAIN RESULTS
In this section, we establish the existence and uniqueness of solutions for initial value problem (1) by lower and upper solution method and its associated monotone iterative.
Before give the main result, we first give several important lemmas.
Lemma 3.1: Let 1 < a < 2 and y(
Using this equality, we have
If we choose ° < x < 8, then ° < t < x < 8, we can obtain II 2 -er.y(x) -cr( a -1)1 ::::; c, which proves the assertion (a) of Lemma 3.1.
From (a) of Lemma 3.1, we can obtain (b). Thus, we finished the proof of Lemma 3.1.
Lemma 3.2:
The linear initial value problem
t2-er.
where A is a constant, 1 < a < 2, Der. Then from Lemma 2.1, the solution of initial value problem (7) has the integral represention of solution (8) .
Thus, we finished the proof of Lemma 3.2. 
where A O > -r(1 + a)/Ter. is a constant. Then u ?:
Proof. We assume that u(t) ?: 0, t E (0, T] is false. Then from t2-er.u(t)!t=0 ?: 0, t2-er.u ' (t)!t=0 ?: 0, there exist two points h, t 2 E (0, T] such that, U(t l ) = 0, U(t 2 ) < 0, and u(t)
In order to prove the result, we divided into two cases. 
Since A O � 0, so ° < u(to) + AoI"u(to) < u(to) + AoT" jf(l + a)u(to) ,
Thus, by (11) and (12), we can obtain that ° � u(to) + AoI"u(to) � u(to) + (AoT" jf(l + a) )u(to), that is, (1 + AoT" jf(l + a)) u(to) ?: 0, this contradicts the negative property of u(to), since 1 + AoT" jf(l + a) > 0.
Thus, we complete this proof. In order to get the main result more conveniently, we makes the following assumptions.
Suppose that f satisfies the following condition
where ,1 > -f(l + a)jT" is a constant and il, u E C 2 -,,([0, T]) are lower and upper solutions of problem (1) . Obviously, condition is satisfied with ,1 = 0, when f is monotone nondecreasing in u. Observation (13), we see that the function
is monotone nondecreasing in u for u E < il, u >.
We also need assume that there exists a constant f(l + a)jT" > X ?: -,1, such that
where il, U E C 2-,,([0, T]) are lower and upper solutions of problem (1) . Now, we give the main result this paper. Proof. The problem (1) is equivalent to the following linear initial value problem
where A is a given constant.
Firstly, we construct sequence {v(k)}.
For a given constant ,1, ,1 > -f(l + a) jT", we add ,1V
on both sides of the differential equation of initial value problem (1). We choose v(O) as the initial iteration, using the following iteration process to construct the sequence {v(k)},
From (17), we see that for each k, the right-hand side of (17) is known. Obviously, from Lemma 3.2, the sequence {v(k)} is well defined. Then, with the upper and lower solution of initial problem (1) as the initial iteration, we can have the sequence {v(k)}. We denote the sequence with the initial iteration v(O) = U by {v(k)} and the sequence with v(O) = il by { 1!. (k)}.
Next, we proof the two sequences {v(k)} and { 1!. (k)} are monotone, and satisfies the following relation
and (2), since v( O ) = U, we have the following relations (14) and (4), we have the following relations
Use Lemma 3.3 again, we have r( l ) � ° for t E (0, Tj, that is v( 1 ) > v( l ). And the above conclusions show that
Therefore, by induction, we assume the following relation holds (17), (14), (15) 
From Lemma 3.3, we have r(k) � 0, that is 1Z (k) � 1Z (k+ 1 ) for t E (0, Tj. Similarly, we can obtain V(k+ 1 ) � v(k) for t E (0, Tj. Therefore, by induction we can obtain the relation (18) holds.
From (18), we found that the upper sequence {v(k)} is monotone nonincreasing and is bounded from below and the lower sequence {1Z(k)} is monotone nondecreasing and is bounded from above. Obviously, these two sequences {v(k)} and {1Z(k)} have pointwise limits. Let
And for every k = 1, 2,···, t E (0, Tj, v(t) and w(t) satisfy the following relation
Furthermore, both v(t) and w(t) are the solutions of initial value problem (1). Let {v(k)} be either {v(k)} or {1Z(k)} and (F(v( k) ))(t) = .6v(k)(t) + f(t,v( k) (t)), t E ( 0, Tj.
From the integral represention (8) of linear initial value problem, the solution {v(k)} can be shown as v( k) (t) = b2f(a _I) ta-1 E a , a (-.6ta) +b1f(a _I)ta-2 E a , a _ 1 (-.6ta)
Following the suppose of function f, we see that the function F is continuous and is monotone nondecreasing about v. From (17), we know v(k) is monotone and converge to v, and that implies that (F(v(k-1 ) ))(t) converges to (F(v))(t), t E (0, Tj. Let k -+ 00 in (21), then we found v satisfies the integral equation v(t) = b2f(a -I) ta-1 E a , a ( -.6ta) +b1f( a -I )ta-2 E a , a-1 (-.6ta) + I t (t -s)a-1 E a , a [-.6(t -s)aj(F(v))(s)ds, t E (0, Tj. Thus, we complete the proof of (a). Then from Lemma 3.3, we have r(t) � 0, t E (0, Tj. That is, w � v. From above proof we have v � w, therefore, we obtain that v = w. Thus, we proof that v = w is the unique solution of problem (16) in the sector < 11, u > and we complete the proof of (b).
